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A B S T R A C T
This study shows the inactivation of antibacterial and dye removal in aqueous solution via photocatalysis with an easy
fabrication route of silver deposited titanium dioxide/cobalt ferrite composite nanoparticles through a three-stage
process applied under ultrasonic irradiation. An adsorption kinetic and equilibrium isothermwere investigated by four
kinetic and five isotherm models. Then, photocatalytic potential and antibacterial activity were assessed, respectively,
by photodegradation of cationic dye under UV light and four bacteria employing MIC and MBC indices coupled to
SPM observation, which illustrated that the bactericidal effect is desirable to inhibit growth. Moreover, the nano-
composite can be easily isolated from the solution via magnetic decantation for removing catalytic pollutants.
1. Introduction
It is crystal clear that the rapid development of the humane society
has been responsible for environmental problems and troubles, among
which is the contamination of drinking water by different residues like
dyes, agrichemicals and microbial pathogens. It is recognized and
proved that dye cannot be removed from water by commonly known
wastewater treatment procedures, once released from their
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manufacturing methods [1–4]. Various techniques have been occupied
for the removal of dyes, including chemical oxidation, coagulation,
electrochemical oxidation, photodegradation, and adsorption, in which
adsorption and photodegradation are considered superior to the other
techniques due to their relatively easy operation, cost-effective and
convenience products [5].
However, semiconductor heterogeneous photocatalysts, as one of the
most advanced physicochemical catalysts, have been extensively in-
vestigated for photodegradation of dye. Among the semiconductor com-
pounds, titanium dioxide (TiO2) is the greatest widely applied hetero-
geneous catalyst because of strong oxidizing agent, non-toxicity and
chemical/thermal stability. It is showed that by UV irradiation of TiO2,
electrons in the valence band (VB) will jump to the conduction band (CB)
and an electron-hole pair is produced, subsequently [6–13]. The pairs of
electron-hole will play a role as a strong oxidizing agent that can attack
organic molecules like; Rhodamine B (RB), methylene blue (MB) dye and
atrazine pesticide, or those located near to the surface of the catalyst, thus,
it could achieve rapidly and completely degradation to the inorganic pro-
ducts [14–19]. The tetragonal Anatase of TiO2, with a bandgap of 3.2 eV
can be photoexcited when it is subjected to the irradiation of UV-light,
which is just roughly 2–5% of total sunlight [10,20–25]. Therefore,
growing attention have been paid in the literature to improve its photo-
catalysis capabilities, such as the synthesis of TiO2 immobilized on either
Fe3O4 or other magnetic nanoparticles [26]. However, more fascinating
TiO2-magnetic nanocomposites can be produced by coating of a TiO2 core
with a layer of magnetic, and subsequently by immobilizing of extra na-
noparticles on the surface of the magnetic shell.
Disinfection procedure represents a crucial step in centralized
wastewater treatment to control infectious pathogens. As a con-
sequence, finding an effective disinfectant that produces less dangerous
disinfection by-products and sustained antimicrobial activity is of im-
portance. Besides, silver nanoparticles (AgNPs) have recently expressed
keen interest due to their distinct properties and potential applications
in the biomedical field of research [27,28]. They have been broadly
studied because of their well-documented antimicrobial agents [29].
Furthermore, AgNPs have a wide-range antibacterial activity to kill and
remove a multiplicity of bacteria existing in everyday life including
those that are antibiotic-resistant [30]. The problem encountered in
using Ag-based antimicrobial properties is the recovery of these disin-
fectants. Recently, the studies have confirmed that AgNPs are toxic to
aqua system and therefore must be efficiently removed from the dis-
infected media [31–33]. The combination of AgNPs with TiO2 magnetic
system can provide a suitable means for efficient removal of silver
nanoparticles and TiO2 from solution, simultaneously. To the best of
our knowledge, there are a few literature conducted research into the
synthesis of nanocomposite with the related potential applications, like
adsorption–desorption, photocatalytic and antibacterial activity. This
study investigates TiO2@CoFe2O4@Ag (TCA), the magnetic nano-
composite through a straightforward three-step procedure. Instead of
Magnetite (Fe3O4), we chose CoFe2O4 due to its stability in the air at-
mosphere during preparation and heat treatments. In more detail,
Fe3O4 can readily change to Fe2O3 by the oxidation process if not
subjected to an inert atmosphere, which causes loss of magnetic prop-
erties. Additionally, the anchoring of silver and TiO2 nanoparticles with
the CoFe2O4 can prevent their aggregation in solution.
















Fig. 3. XRD patterns of as-prepared CoFe2O4 (A), AgNPs (B) samples.
2. Experimental procedures
2.1. Materials and methods
The starting materials were of a generic quality that used without
further purification obtained from Merck and Fluke. FT-IR spectra were
obtained by an FT BOMEMMB102 spectrophotometer. X-ray diffraction
powder (XRDP) pattern of TCA nanocomposite was taken with a Philips
X-ray diffract meter (Model PW1840) over a 2θ range from 20 to 70°
using Cu Kα radiation (λ = 1.540 A°). Plus, transmission electron mi-
croscopy (TEM) applying a Philips CM10-HT 100KV microscopy with
the aim of calculating the size distribution and morphology of nano-
composite. The scanning electron microscopy (SEM) images of nano-
composite and CoFe2O4 were prepared by a Hitachi Japan S4160.
Magnetic properties of the as-prepared TCA nanocomposite and
CoFe2O4 were considered using Vibrating Sample Magnetometer (VSM)
Fig. 4. SEM images of as-synthesized CoFe2O4 (A) and TCA (B) samples.
Fig. 5. AFM images of as-synthesized TiO2 (A) and TC (B) samples.
of Meghnatis Daghigh Kavir Company. All images of scanning probe
microscopy (SPM) were obtained via a Denmark DS 95-50E.
2.2. Synthesis
2.2.1. Synthesis of TCA nanocomposite
TiO2 nanoparticles were firstly produced via hydrothermal method
with respect to the procedure reported by Malekshahi et al. [34]. After,
the pre-synthesized TiO2 nanoparticles were coated with a layer of
CoFe2O4 through co-precipitation method to prepare the two-compo-
nent TC composite. In the last step, AgNPs were formed and inlaid onto
the surface of the TC composite via chemical reduction of silver nitrate
(AgNO3) [35]. In this procedure, 0.2 g of TC composite was dispersed in
15 mL of deionized water containing 1 g of polyvinyl pyrrolidone
(PVP), 0.96 g of NaOH, 1 g of glucose at ambient temperature under
ultrasonic irradiation. In addition to that, 0.1 M (5 mL) of the AgNO3
solution was added drop by drop. Then, the mixture was further soni-
cated for 3 h. The prepared TCA nanocomposite was subsequently se-
parated from the solution by magnetic decantation and washed with
distilled water several times to get rid of any excess of protecting agent
and sodium hydroxide. In the end, the product was dried at 80 °C for
10 h.
2.3. Adsorption measurement
Adsorption experiments were carried out with the synthesized TCA
nanocomposite by utilizing a batch technique, which was conducted
individually for CR dye by performing a similar procedure as detailed
below. An aliquot of 25 mL of the dye solution, with selected initial
concentration (30–60 mg.L-1) was transferred into a beaker. A de-
termined dosage of the nanocomposite 3 mg was added to the beaker.
After mixing time (3 min) elapsed, the TCA nanocomposite was sepa-
rated magnetically. The final dye residue concentration in the super-
natant was determined by UV–Visible spectrometer. The percent ad-
sorption of each dye, the dye-removal efficiency of TCA, was calculated
through the following equation:
= ×Adsorbtion% (C0 Cf)
C0
100 (1)
where C0 and Cf represent the initial and after adsorption dye con-
centration in the aqueous phase, respectively.
2.4. Photocatalytic degradation
The 50 mL of dye solution was sampled as a model pollutant to
investigate the photocatalytic activity. 100 mg catalyst was, then, ap-
plied for degradation of 50 mL solution. Next, the dye solution was
mixed by a stirrer for 2 h in a dark environment to optimize the ad-
sorption of dye by the catalyst and, consequently, better availability of
the surface. The solution was irradiated by a 350 W UV-lamp which was
placed in a quartz pipe in the middle of the reactor. It was turned on
after 1 h stirring the solution and sampling (about 1 mL) was done
every 30 min. After filtration and centrifuging, the samples were
evaluated based on concentration by UV–visible spectrometry.
2.5. Antibacterial measurements
According to the macro broth dilution method, the minimum in-
hibitory concentration (MIC) of TCA nanocomposite was investigated.
A serial of two-fold dilutions from 16 to 1 mg.mL−1 of the mentioned
nanocomposite was prepared in 1 mL of Mueller-Hinton broth (MHB,
Merck, Germany). In the next step, 100 µL of Escherichia coli (ATCC
25299), Pseudomonas aeruginosa (ATCC9027), Bacillus subtilis
(ATCC6633) and Staphylococcus aureus (ATCC6538) suspensions with
0.5 McFarland turbidity were separately inoculated in prepared cul-
tures and following incubation at 37 °C for 24 h the bacterial growth
was examined. MIC was regarded as the least concentration at which
bacterial growth was inhibited. Subsequently, a loop full of growth
Fig. 6. TEM image of the three-component TCA nanocomposite.
Fig. 7. EDX spectrum of TCA nanocomposite.
negative tubes was cultured on Mueller-Hinton Agar and incubated as
previously described. Plus, minimum bactericidal concentration (MBC)
was regarded as the least concentration that was able to prevent colony
formation.
2.6. Scanning probe microscopy (SPM) analysis
SPM analysis was employed in order to research possible structural
changes within the treated bacteria with TCA nanocomposite. The
100 μL of 0.5 McFarland suspension of every of E. coli and B. subtilis was
smeared on a glass-slide and air dried, then analyzed by SPM.
Simultaneously, the target bacteria separately treated with 2 mg.mL−1
of the TCA nanocomposite and following overnight incubation at 37 °C,
were analyzed as before described.
3. Results and discussion
3.1. Microstructure observation and magnetic properties
Among various magnetic materials, cobalt ferrite (CoFe2O4) was
applied on the surface of TiO2 to get TC composite. CoFe2O4 is a pre-
ferable choice rather than magnetite (Fe3O4) because the latter is easily
oxidized in air, or in alkaline solution whereas no precaution is required
during the preparation and handling of the former [36]. Through two
subsequent steps, the TiO2 core was first coated with CoFe2O4 and then
with AgNPs to yield magnetic nanocomposite. The FT-IR spectrum of
TiO2 (Fig. 1-A) shows a really broadband that emerges in a range of
800–450 cm−1, which is because of the vibration of Ti-O-Ti bonds in
TiO lattice which shift to the lower wavenumbers after coating with
CoFe2O4(Fig. 1-D). The FT-IR spectrum of magnetic nanocomposite
Fig. 8. Hysteresis loops for CoFe2O4 (A) and TCA (B).
Fig. 9. Nitrogen sorption isotherm of TCA nanocomposite.
(Fig. 1-D) is more or less the identical as that of TCA (Fig. 1-C). The
weak band centered at about 1600 cm−1 which observed in TCA and
TC nanocomposites is attributed to the bending vibration mode of H2O
remained within the samples. Figs. 2 and 3, show the XRD patterns of
TCA nanocomposite and its components, respectively. The successful
synthesis of TCA nanocomposite can be confirmed by the characteristic
diffraction lines at 2θ = 25.4° (TiO2 anatase), 35° (magnetite), and 38°
(silver).
For SEM and AFM photomicrographs of as-synthesized CoFe2O4, TC
and TCA nanoparticles are illustrated in Figs. 4 and 5, respectively. The
nanocomposite particles indicate relatively narrow particle size dis-
tribution with almost spherical morphology, and most of particles are
smaller than 200 nm. The AgNPs should be precipitated on the surface
of CoFe2O4 coated TiO2, which cannot be clearly observed in the SEM
image of TCA nanocomposite. Hence, for the aim of further explore the
morphological and microstructural features of the TCA nanocomposite,
TEM imaging technique was exploited (Fig. 6). As can be seen from the
image, the surface of each TC sphere is inlaid with AgNPs. The AgNPs in
the TEM micrograph appeared as clusters of well-crystallized near-cir-
cular shape nanocrystals with different thicknesses. To recognize the
elemental composition of the as-prepared TCA nanocomposite particles,
energy dispersive X-ray (EDX) analysis was performed on the SEM
microstructure. The EDX spectrum, which is shown in Fig. 7, clearly
reveals the presence of all main elements (O, Ti, Fe, Co and Ag) com-
prising this three-component composite. This finding, in combination
with XRD, FT-IR and TEM results indicates the presence of TiO2 parti-
cles coated with the inner CoFe2O4 shell and outer AgNPs layer.
The magnetic properties of the TCA nanocomposite and CoFe2O4
were investigated by the VSM test at ambient temperature, in which the
hysteresis loops are shown in Fig. 8. Pristine CoFe2O4 nanoparticles and
TCA nanocomposite, respectively, have saturation magnetization (Ms)
values of 59.49, 20 and 15 emu.g−1. For the fact of the presence of non-
magnetic TiO2 core, the Ms of TCA nanocomposite is lower than that of
the naked CoFe2O4. Further decrease in Ms value is observed for TCA
nanocomposite which is attributed to the slight increase in the mass and
size caused by the depositing of AgNPs on the surfaces of TC micro-
spheres. It should be highlighted that although the Ms value of CoFe2O4
drops remarkably on coating with AgNPs, the TCA nanocomposite still
shows acceptable magnetization suggesting its suitability for magnetic
separation and recovery.
The BET measurement for magnetic TCA nanocomposite is shown in
Fig. 9, which the curve belonged to the IV Nitrogen adsorption isotherm
whose adsorption curve is not coincident with desorption curve, and
consequently, forming a hysteresis loop. This nitrogen changing iso-
therm exhibited the adsorption and desorption behavior of porous
materials. Plus, the calculated specific surface area is 25.3819 m2.g−1.
The estimated pore size distribution is shown in the inset of Fig. 9,
which observed that the pore size is concentrated at 97.4643 Å, and this
result is attributed to a specific surface area. To sum up, the results
suggest that the magnetic TCA nanocomposite has an excellent ad-
sorption capability.
Fig. 10. The adsorption capability of TCA nanocomposite toward CR dye.
Scheme 1. Adsorption mechanism of Congo red (CR) dye using TCA nano-
composite.
Fig. 11. Percentage removal of CR dye from aqueous solution onto magnetic
nanocomposite at ambient temperature.
3.2. Adsorption measurement of TCA nanocomposite
A significant portion of commonly used dye are toxic and even
carcinogenic. Several approaches have been adopted in the treatment of
dyed-wastewater to decline the impacts on the environment, in which
budget-saving, green adsorption–desorption technology is considered to
be more competitive than the others. We chose different dye molecules
to evaluate the absorption ability of TCA nanocomposite. The freshly
synthesized 0.03 g of TCA nanocomposite was mixed into the 25 mL
aqueous solution containing 50 mg.mL−1 Congo red (CR) dye, which
adsorption capabilities of TCA nanocomposite toward this dye was
tested by UV–visible spectroscopy (Fig. 10). It is reported that the CR
dye could be powerfully absorbed. For the absorption of CR, the color of
the composites changed from brown to dark, red-brown, implying the
existence of corresponding CR dye in the solid. About the adsorption
mechanism between CR and TCA nanocomposite, it could be explained
by means of the structures of anion dye and nanocomposites. As know,
the amide groups are both hydrogen-bonding donors and acceptors that
can facilitate interactions with the specific dyes. To further determine
the adsorption mechanism, FT-IR spectrum of TCA nanocomposite was
given in Fig. 1. The FT-IR spectrum displayed some of OH– groups on
the surface of TCA nanocomposite. It is presumed that due to the for-
mation of hydrogen-bonding between the dyes and TCA nanocompo-
site, CR shares –NH2 and SO32- groups. In this place, CR is likely to be
attracted to the surface of TCA nanocomposite owing to dipole–dipole
interactions between the hydrogen on the adsorbent surface and the
electropositive groups on the dye structure, hydrogen bonding between
the hydroxyl groups and aromatic rings, the nitrogen and oxygen atoms
(Scheme 1). These absorption dye molecules could be released by
ethanol solution after stirring the mixture for 1 h.
3.2.1. Adsorption kinetics
To explicate the adsorption mechanism for CR dye from aqueous
solution into the TCA nanocomposite, the pseudo-first-order, second-
order, Elovich and intraparticle diffusion models were exploited to es-
timate the results found from CR adsorption. In the following, the
pseudo-first-order, pseudo-second-order, intraparticle diffusion and
Elovich models are given as Eqs. (2), (3), (4) and (5), respectively
[37–40].
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The experimental plot of adsorption qt over time t with 60 mg.L-1
initial concentrations of CR are shown in Fig. 11, which displays a good
potential application of TCA nanocomposite for the adsorption of CR.
Fig. 12(A-D) shows the fitted curve of adsorption kinetics models for CR
into the mentioned magnetic nanocomposites with initial concentration
of 60 mg.L-1 at ambient condition, R2 kinetic parameter was calculated
from the fits of the four kinetic models that listed in Table 1. The
produced results demonstrated that the pseudo-second-order model is
consistent with the experimental result quite well, and its correlation
coefficient (R2) value is recorded the maximum amount. Compared
with the pseudo-second-order model, lower R2 values for the pseudo-
first-order and intraparticle diffusion kinetic models reveal the good
fittings. So, the pseudo-second-order model could explain well the ad-
sorption process of CR onto the TCA nanocomposite.
Fig. 12. Fits of the pseudo-first-order kinetics model (A), Elovich kinetics model (B), pseudo-second-order model (C) and intraparticle diffusion model (D) at initial
CR dye concentration of 60 mg.L-1.
Table 1
Fitted kinetics parameters for adsorption of CR dye from aqueous solutions onto
magnetic nanocomposite at ambient temperature.
Kinetic models Equations Adj. R-square








Intraparticle diffusion model = +q x k tt i i 1/2 0.96
Elovich = +q tln( )t
ae be
be be
ln( ) 1 0.95
3.2.2. Adsorption isotherms
The adsorption isotherm is important for understanding how mo-
lecules of adsorbent interact with the adsorbent surfaces. Hence, three
adsorption isotherms were selected to fit the equilibrium data of CR
adsorption onto the mentioned magnetic composite, which are namely
Freundlich, Temkin, Dubinin-Radushkevitch (D-R), Harkins-Jura (H-J)
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The Langmuir, Freundlich and Temkin adsorption isotherms of CR
of the magnetic TCA nanocomposite at ambient temperature are de-
picted in Fig. 13. The calculated parameter (R2) of Freundlich, Temkin,
D-R, H-J and Langmuir for the adsorption isotherms are listed in
Table 2. By comparing the R2 for five models, the Langmuir model is
proved to be the best fit. By the way, the correlation coefficients of D-R,
H-j, Temkin and Freundlich isotherm equations are relatively lower,
which as a consequence, these isotherm models are not appropriate to
describe the adsorption equilibrium processes and mechanisms. In
other words, the Langmuir isotherm is well-suited to model for giving
information about the adsorption equilibrium of CR from aqueous so-
lution onto the magnetic TCA nanocomposite. In the theoretical side,
with regards to the Langmuir model, the adsorbent of the magnetic
composites interacts with adsorbate of CR and adsorption which might
be a monolayer absorbing mechanism.
3.3. Photocatalytic activity testing of TCA nanocomposite
The MB and RB dye were selected in order to evaluate the photo-
catalytic potential of the TCA nanocomposite and the influence of
molecule type to be degraded by relation to the characteristics of the
synthesized photocatalyst. In Fig. 14 (A and B), it displays a decrease in
the adsorbent of the MB and RB dye versus time in the presence of
sintered TCA nanocomposite under UV illumination. According to these
results, RB and MB dye are degraded with TCA nanocomposite. As
depicted, MB dye photodegradation is faster than RB dye photo-
degradation due to the fact that RB dye molecules are stable in relation
to MB dye, for their differences in structures, as seen in Fig. 15 (A and
B). The investigation from the accessible literature on photodegrada-
tion, the following relationship between the structure and decomposi-
tion can be found. The detected order was xanthene (RB) <
Heteropolyaromatic (MB). This result is critical because it was de-
monstrated that the synthesized nanocomposite exhibits selectivity (i.e.
photocatalytic efficiency depends on the compound to be degraded,
whereas MB and RB dye photodegradation profiles are different from
those synthesized materials). The mechanism of cationic dye deco-
loration via TCA nanocomposite is depicted in scheme 2.
3.4. Antibacterial measurement
The MIC and MBC indices of the TCA nanocomposite are showed in
Fig. 16. These results proved that TCA nanocomposite displays a good
antimicrobial activity against all the faced gram-positive and gram-
Fig. 13. The Temkin (A), Langmuir (B) and Freundlich (C) adsorption isotherms of CR dye from aqueous solution onto magnetic nanocomposite at ambient
temperature.
Table 2
Evaluated model parameters of adsorption isotherms for CR dye onto magnetic
nanocomposite at ambient temperature.
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negative bacterial species. Additionally, the indices of TCA nano-
composite demonstrated for all examined bacteria are identical and
equal to 1.0 mg.mL−1. Thus, the TCA nanocomposite can be considered
as an excellent antibacterial agent with broad spectrum of bacteriostatic
ability for both gram-positive and gram-negative bacteria. Surprisingly,
the MBC index of this nanocomposite is equal to MIC index in E. coli,
P.aeruginosa and B.subtilis which means this agent is a potent bacter-
icidal agent that can eliminate treated bacteria. In case of S.aureus, the
MBC index is found to be as much as 4 mg.mL−1. This is due the fact
that more than 90% of tetrapeptide chains in this species are involved
in cross linkage of peptidoglycan and hence improve bacterial re-
sistance to antibacterial agents. So, in this case, the MBC is found ap-
proximately four times higher than MIC. In addition, TCA is a magnetic
nanocomposite, which can be recovered from water solution via mag-
netic separator without any difficulties.
The isolated nanocomposite, through magnetic decantation, can be
reused in a new disinfection procedure. Hence, because of the efficient
isolation of these AgNPs-rich nanocomposite, the release of waste and
probable contamination of disinfectant to the environment are avoided.
The main reason of antimicrobial activity enhancement of AgNPs has
not been disclosed yet, besides of several mechanisms have been pro-
posed recently [41–43].
With regards to the proposed mechanism, the antibiotics and/or
nanocomposite act on the cell wall, through its verity functional groups.
This will be caused to cell wall lysis and, consequently, raise the pe-
netration of AgNPs carrier composite into the bacterium. The TCA can
then react with DNA and prevents its unwinding, which results in more
serious damage to bacterial cells. The suggested mechanism for ex-
plaining the synergistic impact is solely a tentative one and more ex-
perimental and/or computational studies are required to explain the
mechanism of this interesting effect in more detail.
The outcomes of SPM analysis of untreated and treated bacterial
cells with TCA have been presented in Fig. 17. The lock-in-amplitude
image is proved moderately structured membrane surface of the un-
treated bacterium. Untreated bacterial cells have typical rod shapes,
while in the treated ones; rod to cocci cell deformity has been hap-
pened. In addition to that, cell lysis and bacterial death are found due to
the obtained results. These observations confirm that this composite
can affect SEDS proteins (i.e., those proteins that are responsible for
shape, elongation, division and sporulation). These proteins play an
important role in bacterial cytoskeleton formation, cell wall growth,
peptidoglycan polymerization, transpeptidation of tetrapeptide side
chains and also septum formation. So, if they are affected by chemical
and/or natural compounds, the shape and growth of the bacterial cell
will be having changes. As a consequent, the structural altering and
deformation will be the main outcome of bacterial exposure with such
TCA nanocomposite.
The obtained results All catalysts were effective for the inactivation
of four bacteria, which is considered as an opportunistic pathogen




Fig. 14. The adsorption (A) and photodegradation (B) capabilities of TCA nanocomposite of MB and RB dye.
Fig. 15. The structures of MB and RB dye were illustrated in A and B, respec-
tively.
Scheme 2. Photodegradation mechanism of dye using TCA nanocomposite.
Fig. 16. Antibacterial activity of TCA nanocomposite.
4. Conclusion
In this research, a fabric was designed possessing phototonic, bio-
logic, magnetic and removal properties by in situ synthesis of magnetic
nanocomposites. TiO2@CoFe2O4@Ag (TCA) nanocomposite showed
photocatalytic activity for MB and RB photodecomposition under UV
light irradiation. The pseudo-second-order kinetic model and Longmire
isotherm were match with the adsorption process of CR from aqueous
solvent onto the magnetic nanocomposites at ambient temperature. The
main aim of the present work is to synthesize a new nanocomposite
material and the study of its synergistic effect with dye and microbial
pollutants. All in all, the obtained results revealed that these goals have
been successfully pursued.
However, although photocatalysts are used for wastewater treat-
ment, they can act as a pollutant in water if they will not be removed.
TCA nanocomposite, also, predicted for collection from large scale
operational environments in addition to laboratory scale treatment,
which one of the best ways is magnetic removal. In future research, it is
recommended that to establish an assessment based on the dis-
advantages and advantages of magnetic removal of TCA nanocompo-
site, and also draw a comparison between different removal methods in
accordance with the efficiency, reusing capability, etc. Additionally,
there is a gap to understand better the establishment concept of TCA
nanocomposite (i.e. usage protocols) in wastewater treatment which
needs more research and study.
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